Background: Hands-on training and exposure to cosmetic surgery is an integral part of plastic surgery residency. However, resident participation in cosmetic surgical cases is often limited in many training programs. Furthermore, the effect of resident participation in cosmetic surgery is poorly defined. Objectives: The aim of this study was to analyze the impact of resident involvement on outcomes in cosmetic plastic surgery procedures, with a focus on breast and abdominal surgeries. Methods: A retrospective analysis of the American College of Surgeons National Surgical Quality Improvement Program database was performed to identify all patients undergoing cosmetic breast and abdominal surgical procedures by plastic surgeons over a 4-year period (2009)(2010)(2011)(2012). Multivariate regression models were constructed to determine any association between resident participation and surgical outcomes. Results: A total of 6982 patients were included in the analysis. Cases with resident involvement had higher rates of superficial surgical site infection (P < 0.0001), wound dehiscence (P = 0.014), and an increase in mean length of hospital stay (P = 0.001). Multivariate analysis revealed that the increased rate of superficial surgical site infection was associated with a higher body mass index and with the involvement of a resident during the surgical procedure. Conclusions: This study provides further evidence to support the claim that resident involvement in cosmetic surgery is safe, with little effect on the rates of major complications. Any increase in minor complication rates must be critically analyzed with respect to the valuable surgical experience gathered by the next generation of surgeons.
The current aesthetic plastic surgery literature contains no studies evaluating postsurgical outcomes associated with resident involvement in cosmetic procedures. Therefore, the aim of this study was to investigate the impact of resident involvement on outcomes in cosmetic plastic surgery procedures, with a focus on breast and abdominal surgeries, based on an analysis of the American College of Surgeons (ACS) National Quality Improvement Program (NSQIP) database.
METHODS

Database
Patients undergoing cosmetic breast and abdominal surgical procedures by plastic surgeons were identified in the ACS-NSQIP database. This database was developed by the ACS as an attempt to improve surgical quality of care and has been a valued source of outcome data since its introduction in 2004. 4 It prospectively collects patient's demographic information, preoperative variables, intraoperative details, and 30-day postoperative outcomes in procedures performed by surgeons of 11 different specialties within participating institutions (currently 709 hospitals) across the United States. The participating hospitals can be of any affiliation-academic, private, community, or any combination thereof. Details of data collection and methodology have been described in detail previously. 5 
Data Collection
All patients undergoing cosmetic breast and abdominal surgical procedures by plastic surgeons were identified in the ACS-NSQIP database for the 4-year period [2009] [2010] [2011] [2012] . In 2013, NSQIP stopped capturing the "resident involvement" variable; therefore this 4-year period represents the most up-to-date data available for analysis. The database search was performed by the senior author (A.E.) in conjunction with authors A.J.O. and A.F.D. in July 2018.
This study had institutional review board exemption and was conducted following the principles outlined by the Declaration of Helsinki.
Patient Selection and Postoperative Outcomes
Patients who underwent infra-umbilical panniculectomy, abdominoplasty, mastopexy, breast augmentation, gynecomastia correction, or breast reduction were identified according to Current Principal Terminology (CPT) codes (Table 1) . Only surgical procedures performed by plastic surgeons were included in the analysis. Further, patients were divided into 2 groups based on the participation of residents during surgery as follows: (1) "Attending and Resident group"; and (2) "Attending only group." Each patient's demographic information, perioperative variables, and 30-day postoperative outcomes were collected and compared among groups. Surgical site infection (SSI), wound dehiscence, pulmonary embolism (PE), bleeding requiring transfusion, deep venous thrombosis (DVT), sepsis, readmission, reoperation within 30 days, and mortality were included as the main postoperative outcomes.
Statistical Analysis
Mean and standard deviation were used to describe continuous variables with normal distribution, and unpaired t test was performed for univariate analysis to determine differences in these variables between groups. Differences in categoric variables between groups were determined by univariate analysis with chi-square and Fisher's exact tests. Multivariate analysis was performed with a binary logistic regression model to determine the effect of resident involvement on postoperative complications. Significance level was defined as P < 0.05. All the statistical analyses were performed with IBM SPSS software (version 3.154).
RESULTS
A total of 6982 patients were included in the analysis. The most common surgical procedure was breast reduction (3598 cases), followed by infra-umbilical panniculectomy (1089 cases), breast augmentation (1023 cases), mastopexy (680 cases), abdominoplasty (277 cases), and gynecomastia (134 cases). Residents participated in 2554 (36.5%) surgeries; the remaining 4428 (63.5%) procedures were performed only by the attending surgeon ( Figure 1 ). There were significant differences between the 2 groups in terms of age, BMI, and prevalence of diabetes mellitus (DM). Residents participated in cases in which patients were older, had a higher BMI, and had a higher prevalence of DM (P = 0.013, P = 0.047, and P < 0.0001, respectively) ( Table 2) .
With regard to perioperative variables, most surgeries were performed in an outpatient setting; however, residents were more often involved in inpatient cases (P < 0.0001). Patients with a higher American Society of Anesthesiologists classification (ASA ≥ 3) and contaminated and dirty/infected wounds were also more often operated on with resident involvement (P < 0.0001 in both cases). Lastly, mean length of hospital stay was slightly increased in cases with resident involvement (P = 0.001) ( Table 3) .
Postoperative Outcomes
Cases with resident involvement had higher rates of superficial SSI (P < 0.0001), wound dehiscence (P = 0.014), and mean length of hospital stay (P = 0.001). No statistically significant differences were found in terms of deep SSI, PE, DVT, sepsis, reoperation rate, or mortality in the cases analyzed (Table 4 ).
Multivariate analysis revealed that the increased rate of superficial SSI was associated with higher BMI (OR: 1.043; 95% CI: 1.026, 1.061; P < 0.0001) and with the involvement of a resident during the surgical procedure (OR: 1.954; 95% CI: 1.453, 2.629; P < 0.0001). By the same token, the increased rate of wound dehiscence was associated only with an increased BMI (OR: 1.047, 95% CI: 1.011, 1.084; P = 0.011). In this case, resident involvement was not associated with an increased rate of wound dehiscence (Tables 5 and 6 ).
DISCUSSION
Hands-on training and exposure to cosmetic surgery is an integral part of plastic surgery residency. However, resident participation in cosmetic surgical cases is often limited in many training programs. Recent national surveys have shown that graduating senior plastic surgery residents feel themselves deficient in minimally invasive, body-contouring procedures and aesthetic facial surgery procedures, including rhinoplasty and facelift. [6] [7] [8] Although current surgical residencies in the United States are transitioning to a more diverse model of learning skills through practice away from direct patient care environment (laboratories, simulators, virtual reality, etc), such practices should act as a complement to the methods of acquiring surgical skills in the operating room. 3, 9, 10 The biggest forces that are driving this change in surgical training are patient safety, improvements in surgical care, and patient preferences. Here, we objectively analyze the impact of resident involvement in cosmetic breast and abdominal procedures.
To the best of our knowledge, this is the first study analyzing the effect of resident involvement in cosmetic plastic surgery outcomes in breast and abdominal procedures. Our retrospective review of 6982 surgical procedures showed that residents were involved in approximately 14 and urology. 15, 16 In the field of plastic surgery, 5 studies have addressed this matter via different approaches. In 2013, Jordan et al 17 retrospectively reviewed 10,356 patients from the ACS-NSQIP database, and analyzed all plastic surgical procedures, with no distinction between reconstructive or cosmetic cases. They concluded that well-matched cohorts with and without resident presence had similar complication profiles.
A year later, Fischer et al 18 performed a similar analysis, but only looked at a cohort of 4328 patients who had undergone breast reduction surgery. They found that resident involvement was independently associated with major surgical complications and an increase in operative time.
Most recently, in 2017, 3 new studies discussed this same topic but in different settings, namely: (1) autologous breast reconstruction; (2) autologous/implant-based reconstruction; and (3) surgical procedures that involved any microsurgical anastomosis. [19] [20] [21] All of these studies concluded that although resident involvement was associated with an increased average operative time, resident involvement in these procedures is safe.
Despite a paucity of reports in the literature in terms of resident involvement in aesthetic plastic surgery, our findings are in line with the above-mentioned studies. Although not statistically significant, resident involvement was associated with a slight increase in mean operative time. Studies not only in the plastic surgery literature, but in other surgical specialties have also found this trend, indicating that the learning curve and teaching time during surgery drive this increase in the operative time. 22, 23 We also found that resident involvement was associated with superficial SSIs and increased length of hospital stay. This can be explained by the fact that residents were more often involved in inpatient cases in which patients had a higher prevalence of comorbidities and higher BMIs. The association between resident and increased postoperative outcomes can also be explained by variables that are not included in the ACS-NSQIP database. In 2011, Raval et al 24 proposed 3 mechanisms by which resident involvement might be associated with increased morbidity: (1) intraoperative technical complications could be more common when residents are involved in a case; (2) higher morbidity in highly complex cases within teaching institutions, so-called "teaching cases"; and (3) increased vigilance toward identifying and recording postoperative complications.
Patient education is critical when a resident is to be included in the surgical team. In 2016, Kempenich et al 25 demonstrated that although most patients welcome resident participation in their surgical care, they expect to be asked permission for resident involvement. This is even more critical in cosmetic patients, where previous reports have found that a higher percentage of these patients prefer not to include residents as part of their surgical team. 26 It has been our experience that the public wants to participate in training the next generation of surgeons. Adequate counseling must be provided to patients, and should be based on objective data in an evidence-based scenario. Specifically, patients should be informed that there is no increase in major complications, and that the attending physician will be guiding all aspects of the operation. This is the first study supporting the involvement of residents in plastic surgery cosmetic procedures as part of their crucial surgical training. The aforementioned increase in superficial SSI, and slight increases in the mean length of hospital stay and average operative times, could be clinically debated, and other factors that cannot be analyzed due the study design could also modify our findings. It is our hope this will encourage plastic surgeons in training programs to allow residents to participate in cosmetic cases in order to enhance residents' skills in this subspecialty.
The retrospective nature of this NSQIP analysis has some limitations. First, our results show only the impact of the presence of a resident. Unfortunately, it is inherently impossible to control for level of care, and the involvement of residents cannot be controlled for with NSQIP data. NSQIP does not record how much of an operation was performed by a resident, which may affect results. Furthermore, the level of training in terms of postgraduate year could not be determined because of incomplete data. A second limitation is the study's retrospective nature and our inability to adjust for the type of hospital and training program or attending surgeon experience. Third, NSQIP incorporates outcomes data up to 30 days postoperatively, which would not capture long-term complications such as poor aesthetic outcomes.
CONCLUSIONS
Based on the analysis of a large, multi-institutional sample of prospectively collected data, we showed that resident involvement in cosmetic breast and abdominal plastic surgery procedures is safe, with little affect on the rates of major complications. Although resident involvement was associated with an increased rate of superficial SSIs and a slight increase in mean length of hospital stay, these outcomes can be clinically debated and must be critically analyzed vis-à-vis the valuable surgical experience accrued by the next generation of surgeons.
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